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Abstract 
Highway transportation is the most preferred transportation system as compared to other modes due to its high accessibility. 
Flexible highway pavement consists of mainly aggregate and bitumen, besides, in order to improve performance, some organic 
and/or inorganic additives are also utilized as additional constituents in the hot mix asphalt (HMA). By improving performance, 
positive characteristics can be gained to the HMA such as high strength, durability, toughness, suitable flexibility and resistance to 
impact. In this study, an attempt has been made to minimize deterioration due to the damage given by different aggressive 
environmental conditions. For that purpose, polypropylene fibers were added in varying ratios (0, 5, 7.5 and 10 % by weight of 
binder) into the HMA, then these mixtures were maintained in the freeze-thaw cycling cabinet, CaCl2, NaCl and Na2SO4 solutions 
for a certain period. The results showed that stability increased continuously by mixtures with a content of up to 7.5 % of 
polypropylene fibre, and then a drop was observed by 10 % fibre reinforced mixtures. In addition, exposure to freeze-thaw cycles 
and Na2SO4 solution was found as the most harmless and harmful conditions, respectively among other environments in the 
investigation.         
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility ofthe organizing committee of WMCAUS 2016. 
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1. Introduction 
Only bitumen or hot mix asphalts are generally used in a modified form to minimize the effects of increasing traffic 
loads and adverse weather conditions. These modifiers improve the properties bitumen and thus properties of hot mix 
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asphalt. Polymer-based additives and waste materials frequently used for modification process [1,2,3]. Many studies 
indicate that some materials can cause more brittleness and thus ductility is an issue. Therefore, the compatibility of 
these materials with fibres is the subject of most investigations in terms of durability and strength. Researches over 
centuries have found out that short fibres are effective in reinforcing brittle materials [4]. There are many fibre types 
used in asphalt production. Norambuena-Contreras et al. [5] evaluated mechanical damage of geosynthetics fibres 
used as anti-reflective cracking systems in asphalt pavements. Morova et al. [6] investigated the utility of 
polyparaphenylene terephtalamide fibre in hot mix asphalt. Xiong et al. [7] conducted a laboratory investigation on 
the brucine fibre reinforced asphalt binder and asphalt concrete. Khattak et al. [8] studied the characterization of 
carbon nano-fibre modified hot mix asphalt mixtures. Polypropylene fibre is also used as modifier to improve 
properties of hot mix asphalt [9]. Flexible Pavements Inc. was developed a standard specification for using 
polypropylene fibre in the pavement construction in Ohio [10]. TapkÕn et al. [11] were estimated polypropylene fibers 
concentration by using K-NN and SVM classifiers for the design expert system.  
Most of the structures are subjected to various detrimental environments such as chemical attacks and severe 
weather conditions resulting in deterioration and disruption. Different types, sizes and ratios of fibers have been used 
to improve the performance of construction materials by many researchers for a long time. Recently, some researchers 
have also investigated the effects of fibers in bituminous mixtures. This investigation includes an experimental study 
in order to determine the behaviour of HMA containing different ratios of polypropylene fibers under some aggressive 
environments.  
1. Materials and experimental study 
2.1. Materials 
The bitumen used in the study with a 50/70 penetration grade was obtained from Alia÷a/øzmir Oil Terminal of the 
Turkish Petroleum Refinery Corporation. In order to determine the basic properties of the bitumen, conventional 
bitumen tests such as penetration, softening point, flash point were performed. The tests were carried out according 
to Turkish Standards. Table 1 shows the results of the conventional tests performed on the bitumen. 
Table 1. The properties of the bitumen. 
 Specification Results Specification limits 
Penetration (25oC; 0.1mm) TS EN 1426 58 50-70 
Softening point (oC) TS EN 1427 50 0C 46-54 
Penetration index(PI) - -0.86 - 
Flash point TS ISO 2592 311 0C 230 (min) 
Thin Film Oven Test (TFOT) 
(163 0C; 5h ) 
TS EN 12607-2   
Change of mass  0.14 0.5 (max) 
Change of softening point TS EN 1427 5.5 9 (max) 
Retained penetration TS EN 1426 54 50 (min) 
Specific gravity TS 1087 1.032 - 
 
The coarse, fine and filler limestone aggregates used in this study were obtained from quarries around Antalya, 
Turkey.  Aggregate tests were carried out in order to determine the properties of the materials to be used in the Marshall 
samples. Table 2 shows the properties of aggregates used in the study. After sieve analysis, aggregate grading curves 
were prepared according to Turkish Highway Construction Specifications 2013 [12]. Fig 1 shows the gradation curves 
of limestone aggregates and gradation limits used in this study. Gradation limit values are belonging to the binder 
course in this figure.  
Polypropylene is a strong, lightweight thermoplastic polymer used in wide variety applications [13]. 
Polypropylene fibers are synthetic fibers which are used in the various industries. The basic characteristics of 
polypropylene fibers are given in Table 3.  
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Table 2. Basic properties of the limestone aggregates. 
Sieve diameters Test Results Specification limits Specification 
25 – 4.75 mm 
Volume specific gravity (g/cm3) 2.6935  ASTM C127 
Apparent specific gravity 2.7105  ASTM C127 
Water absorption (%) 0.23 max. 2.5 TS EN 1097-6 
Soundness of aggregate by use of 
Magnesium Sulphate (%) 
11.50 max. 18 TSE EN 1367-2  
Los Angeles abrasion (%) 22.50 max. 30 TS EN 1097-2 
Flakiness index (%) 18.50 max. 35 BS 812 
Volume specific gravity (g/cm3) 2.706  ASTM C128 
Apparent specific gravity 2.720  ASTM C128 
4.75-0.075 mm Water absorption (%) 0.59 max. 2.5 TS EN 1097-6 
 Plasticity index NP  TS 1900-1 
 Methylene blue, g/kg 1.25 max. 1.5 TS EN 933-9 




Fig. 1. Grading curves of limestone aggregations and specification limits. 
           Table 3. Basic physical properties of the polypropylene fibre. 
 Specification 
Specific gravity (g/cm3) 0.91 
Tensile strength MPa (psi) 480 (70) 
Melting point 0C, (F) 160 (320) 
Modulus of elasticity (GPa) (psi) 8.48 (1.230) 
Ignition point 0C, (F) 590 (1.094) 
 
 
Polypropylene fibers with 12 mm length used in the study which were produced by “BASF”, from Germany are 
shown in Fig. 2 (a). These fibers belong to the group of fibrillated fibers composed of a great number of fibers of a 
very small diameter. Figure 2 (b) shows the fibers in the fractured surface observed by optical microscope. 
 
966   Niyazi Uğur Koçkal and Sevil Köfteci /  Procedia Engineering  161 ( 2016 )  963 – 969 
 
Fig.2. Polypropylene fibers used in the study. 
2.2.            Experimental Study 
2.2.1.          Production of polypropylene fibre reinforced hot mix asphalt 
In this study, the content of optimum bitumen rate was determined with Marshall Stability (MS) test.  The sum of 
the samples prepared for determination of optimum bitumen content was 18 (three samples for each bitumen content). 
In the experiments, aggregates were heated at about 160°C and mixed in the asphalt mixer for 30-40 seconds. 
Subsequently, the bitumen binder which was heated at about 155°C and added into the mixture and mixed for 120 
seconds. Prepared hot mixtures were placed in the steel moulds (101.6 mm x 63.5 mm) and compacted at about 145°C 
to obtain Marshall samples. The optimum bitumen content was calculated as follows:  
75.4
4
7.50.51.42.4      (1)
    After optimum bitumen rate determined, samples containing polypropylene fibre (PF) were prepared at 5%, 7,50 
% and 10 % of specified optimum bitumen weight. Polypropylene fibers were added into the mixture during mixing 
process in the asphalt mixer. Three samples were prepared for each percent. Different modified hot mixtures were 
coded as follows: 
x Control mixture- “PF0”; 
x Mixture with 5% polypropylene fibre – “PF5” 
x Mixture with 7,50% polypropylene fibre – “PF7,5” 
x Mixture with 10% polypropylene fibre – “PF10” 
2.2.1.          Preparation of aggressive environments and experimental work  
Acid solutions and freeze-thaw cycling are among the most aggressive media for damaging materials. The most 
common acids (in regards to asphalt pavement) seem to be that produce easily soluble calcium and sodium salts. These 
pronounced salts can be ingredients of ground and/or underground waters which contact to and penetrate into 
pavement.  In addition, freeze–thaw damage is considered one of the major causes of premature degradation of asphalt 
pavements in frozen regions [14]. Therefore, three types of solutions, namely, CaCl2, NaCl, Na2SO4 and freeze-thaw 
cycling test were performed on the polypropylene fibre modified mixtures in order to determine their negative effects. 
The CaCl2, NaCl and Na2SO4solutions were prepared with a concentration of 20%. Specimens were maintained under 
these conditions for 30 days. Also, a treatment of freeze in air and thaw in water was applied in a cabinet from -20°C 
to +20°C for 20 cycles completed in 4 days. 
The bulk density, water absorption and porosity values of samples were calculated according to ASTM D2726 
[15] and same procedure was followed in some other investigations [16,17] by using the following equations: 
 













   (2)
Where A is the bulk specific gravity; B is the density of the sample where 0,997 g/cm3 is density of water, at 
25oC; C is the water absorption by volume (%); W1 is the mass of the dry sample in air (g); W2 is the mass of the 
saturated surface-dry sample in air (g) and W3 is the mass of sample in water (g).  
2. Results and discussion 
It is found that the bulk density values of the fibre reinforced samples were higher than those of samples without 
fibers. The highest bulk density was obtained by PF7.5 coded samples. Then, a slight reduction was observed in PF10 
samples.  Water absorption and porosity values of samples showed a parallelism. These pronounced values dropped 
with an increase in bulk density and rose up with a decrease. This kind of behaviour for various materials was also 
seen in different investigations [18,19]. Figure 3 illustrates the optical microscope views of fibers in the fractured 
surface of samples. It can be stated that all fibers were coated with bitumen. This result can be a proof showing that 
fibers in the samples worked properly without exhibiting any segregation and/or agglomeration. Polypropylene is a 
kind of polymer material with greater toughness when compared with other fibers, which can improve adhesion 
between asphalt and fibers [20]. In addition, although preparation temperature of mixtures was close to the melting 
temperature of polypropylene fibers as illustrated in Table 3, it can be said that fibers were not affected from this 
temperature applied during sample production 
 
Fig.3. Fibers coated with bitumen observed by optical microscope. 
Figures 4 and 5 exhibit stability and flow values of samples before and after exposure to aggressive conditions, 
respectively. The PF7.5sample with the best performance was the one with 7.5% of fibres. The addition of 
polypropylene fibre in virgin asphalt increased the stability under all conditions. Results demonstrated that increases 
in the percentage fibre in bitumen up to 7.5 increased the stability, after that point, there was a reduction for PF10 
coded samples. The highest residual stability was provided under the condition of freeze-thaw cycling. Maintaining 
samples in Na2SO4 solution for 30 days led to a lowest residual stability for all types of samples. In other words, the 
most detrimental effect was demonstrated by Na2SO4 solution. A slight stability loss under the freeze thaw condition 
can be attributed to the less number of cycles. Damaging effect of NaCl was more pronounced than that of CaCl. An 
inverse relation was found between the stability and flow values. The reason of increase in flow values may be the 
porosity of samples. It is examined that lower bulk density contributed to higher flow values. The improvement in 
stability of the fibre modified asphalt due to increase adhesion and cohesion properties of the binder will enhance 
higher fatigue resistance, reduce thermal stress cracking, and decrease temperature susceptibility and reduction of 
rutting [21]. 
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Figure 4. Stability values of samples before and after exposure to aggressive solutions and freeze-thaw cycles. 
 
Figure 5. Flow values of samples before and after exposure to aggressive solutions and freeze-thaw cycles. 
3. Conclusions  
Following conclusions can be drawn based on the results of this study: 
x Behaviour of plain asphalt concrete pavement has been studied by many researchers for decades. However, 
behaviour of reinforced asphalt pavements under aggressive environmental conditions is a new subject.  
x The bulk density of asphalt samples was found to increase with the fibre content increase in percentage 
from 0 to7.5. In contrast, the flow values were found to decrease as the polypropylene fibre amount was 
increased from 0 to 7.5 percent. The Marshall stability of asphalt samples was seen to increase with the 
fibre content and reached an optimum value at 7.5% of fibre content and afterwards it got decreased for 
10%. 
x Na2SO4 showed the most damaging effect on samples among the aggressive environment.  
Further investigation is needed to determine other properties other than stability and flow which could be 
affected by environmental conditions.  
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